This work was conducted as preliminary laboratory tests to determine the applicability of a number of carbon and low alloy steels in oxygenated water at elevated temperatures. The corrosion tests were carried out in an autoclave over temperature range of 150 to 280C and oxygen contents of water 30 and 50 ppm. Brownish-red oxide films formed on all the specimens over the entire range of temperature and oxygen contents.
. Chemical compositions of materials tested (%)
* 4026, Kuji-machi, Hitachi-shi, Ibaraki-ken 319-12, Japan wheel and degreased with acetone. Corrosion tests were performed by using an autoclave (its capacity is 1.0 liter). The testing procedure was as follows. The test specimens mounted to a holder were set in the autoclave. The autoclave was evacuated (<10-3torr.) and then oxygen gas was introduced. This procedure was repeated five times. Finally, 0.5 liter of pure water (<1py/cm) was introduced into the autoclave, and then oxygen gas was injected to a definite pressure. Dissolved oxygen level of the water at a test temperature was estimated from the data obtained by H. A. Pray et a11). Since reduction of the oxygen level due to corrosion or leakage might have been expected, refilling of oxygen gas was performed after 2 days from the initiation of the tests and then repeated every 10days.
Weight losses of corroded specimens were measured after removal of corrosion products by chemical etccing. The chemical etching was performed by immersing the specimens in a 10
HCl solution containing 1% urotropine at 80C for 2 minutes.
Pit depths were measured by a surface roughness tester manufactured by Sloan Ltd. Three lines on which there seemed to be deep pits after descaling were selected for measurements. The pit depth shown in this report is the average value of the deepest twelve ones obtained from these three lines.
Results and Discussion
The corroded specimens were covered with brownish red oxide films. The brownish red oxide films were easily removed by wiping with a absorbent paper, and the color of the specimens turned black after wiping. The corrosion products of the specimens corroded were identified by the X-ray diffraction method. The major components of the corrosion products formed on all the specimens tested at 150 and 200C were a-Fe203 and Fe304, and the minor component was a-Fe00H.
On the other hand, the major component of the corrosion products formed at 280C was Fe304, and the minor was a-Fe203, but a-Fe00H was not detected.
Results of the test are summarized in Table 2 and 3. The tabulated values are the mean of the results from four specimens. Among specimens corroded in water at 200C with 30ppm dissolved oxygen for 50 days, carbon steel SS41 was the highest and 5Cr-1/2Mo steel was the lowest in weight loss. Among the group of 1Cr-1/2Mo, 21/4Cr-1 Mo and 5Cr-1/2Mo, the weight losses decreased with increasing their chromium contents. However, among the other low alloy steels a relationship between the weight losses and the amounts of chromium or copper is not clear. The weight losses of the low alloy steel 1/3Cu-1/3Cr-1/3Ni at any temperature increased with oxygen level, but the weight losses of the low alloy steels such as 1Cr-1/2Mo, 21/4Cr-1 Mo and 5Cr-1/2Mo showed no clear difference.
Contrary to the expectation that corrosion would be accelerated with increasing temperature, the weight losses of the materials tested decreased in most cases with increasing temperature. After the tests, all corroded specimens were examined for evidence of pitting corrosion. The oxide films were chemically removed. All the specimens suffered expectedly pitting. The pit depths of the specimens which had been im. mersed in water for 10 days are summarized in Table 4 . The carbon steels suffered severer pitting than the other low alloy steels at any temperature and oxygen level. The low alloy steel 1/2Cu-1/3Cr-Ni had the excellent resistance for pitting among the materials tested. An effect of the oxygen levels on the pit depths was not clarified. The pit depths of any material decreased with increasing temperature as well as the weight losses. This result is reverse to that of carbon steels reported by H. A. Cataldi et al2. For the low alloy steels 1Cr-1/2Mo, 21/4Cr-1Mo and 5Cr-1/2Mo the pit depths decreased with increasing their chromium contents at any temperature.
On the other hand, the presence of copper in the low alloy steels obviously reduced the pit depth, but the resistance to the pitting corrosion does not necessarily depend on the amounts of copper.
Summary
This work is summarized as follows.
(1) Both the weight losses and the pit depths of the materials tested generally decreased with increasing temperature between 150 and 280C. (2) Presence of chromium and copper in the steels reduced the weight losses and the pit depths. (3) All the materials tested in the water containing 3050 ppm dissolved oxygen at temperatures between 150 and 280C suffered pitting.
